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COMPLETE SPECIFICATION 
Improvements in or relating to Turbines 



We, Dowty Rotol Limited, a British 
Company, of Arle Court, Cheltenham in the 
County of Gloucester, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention relates to turbines, and con- 
cerns turbines of the kind (hereinafter termed 
the kind referred to) having inlet nozzle means 
comprising a ring of pivoted nozzle vanes, 
simultaneously adjustable as to incidence, to 
vary the effective nozzle inlet area to the 
turbine. 

With turbines of this kind it has been found 



said sealing member into sealing engagement 
with the nozzle vanes, which resilient means 
permits limited movement of said sealing 
member with respect to the turbine casing and 

^^T^J^ m ™ ns between said sLling 
member and said other wall 

£ £ IS 1 ?* 1 ? of iv ^on to a tur- 



45 



50 



bine wherein said passageway is a radial flow 
passageway, the sealing Wber is^eferaK 
m the form of a flat ring, and preferably afeo 
Z JSt** meanS ^ 0mprises a frusto^oni- 
member 1 P ° smoned ****** * e seal- 55 

be ° d n ^ e ^ od ^ nent <* invention mil now 

»?T??cfi^ y acc^T^ With refav 
that under the effect of high operating tern- visional specification^ of ^S^ 116 ^ Pn> ~ *n 
peratures distortion of the turbine casing and/ Figure 1 is a pan-sectional' view of an air 
or parts of the operating mechanism employed turbine according to the invention and 
for adjusting the incidence of the nozzle vanes Figure 2 shows a part-sectional end eleva- 
can cause one or more of the pivoted vanes to tion of the air turbine alone the line Y v • 

Figure 1. * m 



jam, such jamming stalling the operating 
mechanism, and preventing the other vanes 
from being adjusted. If this happens, speed 
control of the turbine cannot be achieved. 

The object of the invention is to provide in 
a turbine an improved construction of nozzle 
means of the kmd comprising pivoted vanes 
whereby, during operation, distortion of the 
turbine casing or nozzle vane operating mech- 
anism is permitted within reasonable limits 
without jamming of the nozzle vanes occur- 
ring. 

According to the invention there is pro- 
vided a turbine of the kind referred to, where- casing 16. A flange 17 on^e^DmlTm^T^ 
in the nozzle vanes project across a passage- a connection for a turbine exhaust nine t£ 
way in the turbine casing leading to lite tur- casing 16 encloses a substantially annukr in^ 
bine rotor, said passageway bemg defined be- let scroll 18 having a coupling flZlTo 

tween a pair of opposed walls, the nozzle the mnn^im, ~* : * 5 - 6C xy ror 

vanes projecting from one of said walls to- 
wards the other wall and into engagement with 
a sealing member carried from said other wall 



;n£f!T m i ? 2* dra *ings, the turbine is an 
S,^ 1 flow turbine having an axially 

nritS ttb " B 5 , passage 14 - ^ ^tbine com- 
prises a rotor 11 mounted on a shaft 20 for 

r S h^ in at a t friaion bearings ° ne ° f whid > 

The rotor 11 has a spinner 13 which en- 
sures a smooth exit for the expanding air 
passing through the turbine rotor 11 too Z 
exhaust passage. The exhaust passage is boun- 
ded by a substantially cylindrical casing ; part 
15 formed integrally with the main rarbine 
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Sr ™Z^IZ °l U . air ^PPVduct An annu- 
wlf^ 21 » ^8 a ting of equally spaced 
m 1 TT* t0 ™* siroll ll the 
S? if. 2 5! 52? ?? ^ with 85 



of the turbine casing b y resihent means urging the axis of the rotor 11. An anndar closure 
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ber 21, the casing 24 2 1 re- 

chambet 27 ° n .^ s ^ n ,, ^T d then extending 
mote from the into £*&J?VEe face, the 
5 inwardly m the rotor 11, 

right-hand face m gg* ^new adjacent 
t0 an umer penpbem with a radi- 

which it carries a ifflg % 24 re- 

ally ^SS^ S-bearing 12. An 
10 tato the 01 as « 30 to the 

annular labyrinth » °" ^ the rotor H 

^tirSS inwardly be- 
to prevent le^tege or 4 

scribed there «««^ £1 ^ ^ratably 
member 21, m eadi whu* nozzk van e 
mounted a vanable maae^e 
assembly one of which B gen J Wy 
20 at 31 m Rr^^oSX* 32 which 
aWutoradial flow passage- 
projects a « 0 ^ a ^^Som the interior of the 
way 33, which kads from m ^ 
into: scroU 18 to tte perfl? ^ i the 

25 rotor 11. *~"J%55* "wweei opposed 
passageway 33, » «^ ydl 33 „. con- 
walls 33a and 336 joneoi . w , of 
stituted by of X main ^ 

which is f° med „^ P^t'lom the watt 33a 
30 lo-^ e ^^irof^?assa S eway,*e 
awards *e wall w « * - -'surrounding the 
vanes being arranged vane has a 

imet to the rotor 11. ^ n Ues m the mouth 

drculat J 00t IftatSh the nozzle vane, is 
35 of the bore 22 m ^r™ c a suitable sealing 
mounted and ^.^^ch^se- Integral 
ring 35 being prided m each ^ ^ 3fi 

with the root f n , j^ 4 ^ bore inm the cham- 

45 cmferen^ejaUyspa^luo 

operates with aU trie k prov ided ac- 

notches engagmg with > ^ 41 The 
ross the t<?*«<Z£X Sceableby 

t^n^^is usually em- 
ployed for Ais ^P^ Flgure 2, the vanes 
As may be s ^ ^™t^ in broken lines 
55 have a limiting 7°^™% * t o dose the 
55 m which they start to&fre so n ^ ^ 

inlet to the "J^f^e area to the 
this position mcreases tpairs 0 f 

rotor in well known «f^£SSh P which 
60 yanes then « * ^the mtor to drive 
air expands in passing »-u 

^nozzle vane 32je^ 
65 ^eTon^ 



^Inclinn^^ 

wall33i. , — ™« neriphetal edge, that is 
At its downstream penpncr^ ^ Q _ 

TO say its inner diameter ™F£ 46 has an 70 
a^npll and onto ^^eSiv^tbe down- 
undercut lip 50 which Jff « ^eter 
stream peripheral ed S e °* a sl ^Lerally ter- 

n^da'^ellevdle wasnex. 75 

the ring 46 is jomedtt in the 

tight manner with thej«™ . ^ the 

reSss 47 behind the ™S J^^r ,n of 
washer drvergmg^thfij^^^^ 

the passage 33 - T^nnd its upstream 80 
in the recess 47 .arouna ^ dimeter 

pheral edge, ^^^thf wXr thereby 
in the present .^^^47 in sealing en- 
being retained in ^the tec ^ d 
eagement with the vrau . w washer 85 

S outer JrSS 16, the 

51 carries the ring 46 f ^ ^ ^mtbe rmg 

washer also P'? wd ^ * d ^0^ diametral 
46 and the casing. Around fflcrn^ ^ 

edge the washer 51 .has 1 « with an 90 
edge P°^ n 4 ^the rear waU of therece^ 
annular step 4/a . washer to tilt wall 
This assists in sealing .the ™^a ge 0 f air 

° fthe ^ CeS ^ 0? rnT^erffthe inlet 
around the back of Be fore assembly 95 

scroll into ^S^SSient with the rmg 
of the vanes 32 mto engag^ ^nged that 

E aee the ring 46, the ring J° . wa sher 51, 
f^nes, gainst ^ «J» £5JE The 
flush with the ^ 33 ^S& inio engagement 

*S«?5 *. ^e^farrtS 
ffl Jber46^ich»P^ttg b y™nnet S cm^ 
ment described, distortion 01 u. ^ 110 

Sid/or of the vane assembty tcettB 
modated to a sufficient dismr- 
jamming of the vanes at least 
tions as can more comtnoidy Vt ^ 
A number of P^^^g^^unica- 115 

as the iulet.scro^e pr^e m t^ rf ^ 

27 acting m effect ^jf 6 ^ 1 The same pres- 120 
rear face of the root P^^X cher face 
sure also acts on 4at p art of™^ of die 
of root pans 34 whichue up^ ^ 
vanes 32 and abo on ttat p ffl of ^ 
faceofftermg^wh^es^^ 125 

vanes 32. The nuet P l 48 between the 

cated through Ae Ae jjng 46 and 

upstream P^h^ffiX^ while of the 
the recess 47 to fubf^^J ^e front face of 
rSSt^^pressure acting on 130 
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the remaining areas of the front face of the 
root parts 34 and the front face of the ring 
46 is progressively less with movement across 
the vanes by virtue of the pressure drop across 

5 the vanes. The vane outlet pressure is com- 
municated through the clearance 49 between 
the downstream peripheral edge of the ring 46 
and the recess 47 to a substantial proportion 
of the rear face of the washer 51. 

10 The dimensions of the root parts 34, ring 
46, and the washer 51 are, in the present ex- 
ample, so chosen that the counteracting pres- 
sures together with the spring force in the 
washer produce a resultant load of two pounds 

15 weight between the ring 46 and the tips of 
the vanes 32 this load urging the ring 46 and 
the vane tips together to provide a seal be- 
tween them. 
It will be appreciated that it is important 

20 to provide an adjustable seal between the vane 
tips and the ring 46, and also between the ring 
46 and the wall 33b of the passage 33 be- 
cause when the turbine is inoperative i.e. with 
all the vanes closed as shown in dotted lines 

25 in Figure 2, any leakage of air from the inlet 
scroll to the rotor would tend to drive the 
rotor under conditions in which it is required 
to remain stationary. 
It will be appreciated that the washer 51 

30 may be replaced by any other convenient form 
of resilient ring member and more than one 
such ring member could be provided inter- 
posed between the ring 46 and the rear wall 
of the recess 47. Such ring members could be 

35 retained for example in grooves in the ring 
46 and the recess respectively, the ring mem- 
bers fonning a satisfactory seal behind the 
ring 46. 

In the latter case the inlet pressure could 
40 be communicated to the rear face of the ring 
46 through suitable passages in the main 
casing. 

WHAT WE CLAIM IS: — 

1. A turbine of the kind referred to, where- 

45 in the nozzle vanes project across a passage- 
way in the turbine casing leading to the tur- 
bine rotor, said passageway being denned be- 
tween a pair of opposed walls, the nozzle vanes 
projecting from one of said walls towards the 

50 other wall and into engagement with a sealing 
member carried from said other wall of the 
turbine casing by resilient means urging said 



sealing member into sealing engagement with 
the nozzle vanes, which resilient means per- 
mits limited movement of said sealing mem- 55 
ber with respect to the turbine casing and 
constitutes sealing means between said sealing 
member and said other walL 

2. A turbine as claimed in claim 1, wherein 
said passageway is a radial flow passageway, 60 
and said sealing member is in the form of 

a flat ring. 

3. A turbine as claimed in claim 2, wherein 
said resilient means comprises a frusto-conical 
spring washer positioned behind the sealing §5 
member. 

4. A turbine as claimed in claim 3, wherein 
the sealing member is joined at its down- 
stream peripheral edge to the downstream 
peripheral edge of said washer in a gas-tight 70 
manner, the washer and the sealing member 
diverging in the upstream direction. 

5. A turbine as claimed in claim 4, wherein 
the sealing member has an undercut lip ex- 
tending around its downstream peripheral edge 75 
on its side adjacent said washer and the down- 
stream peripheral edge of said washer is re- 
ceived under said lip, the sealing member being 
thereby joined and sealed to the washer at its 
downstream edge, 80 

6. A turbine as claimed in any of claims 1 
to 5 wherein said sealing member is housed 
with clearance in an annular recess in said 
other wall. 

7. A turbine as claimed in claim 6 taken 85 
in conjunction with any of claims 3 to 5, 
wherein at its upstream peripheral edge 3 said 
washer is a push fit in said recess, the washer 
thereby being retained in the recess in sealing 
engagement with a wall thereof. 90 

8. A turbine as claimed in claim 7, wherein, 
at its upstream peripheral edge, said washer 
has an annular peripheral edge portion which 
lies in contact with an annular step in the 
rear wall of said recess. 95 

9. A turbine of the kind referred to, con- 
structed and arranged substantially as herein- 
before described with reference to, and as 
shown in, the drawings accompanying the pro- 
visional specification. 100 

BOULT, WADE & TENNANT, 
111 & 112, Hatton Garden, London, E.C1. 
Chartered Patent Agents, 
Agents for the Applicants. 



PROVISIONAL SPECIFICATION 

Improvements in or relating to Turbines 



We, Dowry Rotol Limited, a British-. 
Company, of Arle Court, Cheltenham, in the 
County of Gloucester, do hereby declare this 
invention to be described in the following 
105 statement: — 

This invention relates to turbines, and con- 
cerns turbines of the kind having inlet nozzle 
means comprising a ring of pivoted nozzle 
vanes, simultaneously adjustable as to inci- 



dence, to vary the effective nozzle inlet area to 110 
the turbine. 

With turbines of this kind it has been found 
that under the effect of high operating tem- 
peratures distortion of the turbine casing and/ 
or parts of the operating mechanism em- 115 
ployed for adjusting the incidence of the 
nozzle vanes can cause one or more of the 
pivoted vanes to jam, such jamming stalling 



□Mcryvin ^na carom a i -» 



\ 



achieved. ^^00 is to provide to 

S The object ^nsnucdon of nozzle 

means of the khw distortion of the 

hereby, during operate* d£orU ^ 

turbine, casing « g^Jg? reasonable 
10 mechanism is .P?^T of ™nozzle vanes 
limits without lamming 01 

occurring. :„™>„timi there is provided 

According "^^^ibed wherein the 
a turbine of the p asS ageway to 

15 nozzle _vanes P^^°f 0 dJLrbL rotor, 
the turbine casmg^cUn^to ^ & 
said passageway being aena pro jecnn g 
of opposed ^^SSJS other wall 
from one of said walisrow member 

20 and into engagement .wrth tesflient 

carried from the wgf^LStt sealing 
means mgtogs^dsenlmgmemD ^ 

engagement with tne no^ j f sald 
UeS means V*^££gS dS turbine 
25 sealing ^^^^ provided be- 
^rf Si -ember and said other 

30 SStf "SaSS; -d sealing 

means. ... _ f a- invention will now 
One embodiment of ™ m refer- 

be described, by wa ^|Smatic draw- 
35 ence to the accompanying diagrams 

^Is a part-sectional view of an air 

tire 1. , j^™,;ntf<; the turbine com- 

Referring to the drawmgs^^ fota . 

prises a turbine rotor nn^ ForC on- 
tion in suitable anti-fncaon D^u^ shown 
45 vemence omy one ^ch ^g^ CTbeM . 
in the drawing, out ox w« » . . 
^ ffi ^lCSvided"w^tonerl3 
The rotor 11 is P^ 1 " • { Ae expanding 

which ensures ,» ""g^g £ ^tor 11 into 
50 air passing ttoough the^onr s bQun _ 

the exhaust passage ;. 14 ;J^;£f -St 15 lead- 

ded t ya tSS^S S £* part of 
ing from and integral w d end, 

the turbine casing 1 ?:^ t i? h a ° flan ge 17 for 

55 the part **fS*&*ri&* <~ 
connection to a ouct jjiol ^ 16 
vep tte ^to atn^ere. ^ ^ 
is provided with a ^ ' J 19 for connec- 

scr ° U 1? Sv tffjlSS which car- 
60 tion to a supply duct^nm. e source> 

ries compressed .m essor of a gas 



for example, drive ^ ah 
desired rotary mactoe. The one 
say an alternator may oe como^ 

only two nam bew^ JE^um Ind alter- 
the unit, one between ««™™ alter- 
nator, and ^SgtS&i 21 « - 
t f rh !ri£hand stoe of the tokt scroU 
cured to the ngm .imuu _ prov ided with 15 

18 ' ffi ?^-e^ily equally spaced 

bores 22. ine axes *j , -„ rotor 11 and 
lei with f the axis of the ^ e rot ^ secured 
the shaft 20. A d»« rasmg ^ g() 

26 *? " annular chamber 27 is 

<tap 5U ?£ifti£ of the member 21. The 

« d ^Sto p rrofii!Si«.*e 

Sftog^f near toner = eter ^rmg 
member 28, members 24 an^<> baU - 
shapedastore^ouurmce^ ^ ^ 

r^^aSfgis^^. 

lent manner on the ^fv^rM is retained 
An annular Ubyrimh member 29^re^ 

of air radially inwardly past it 
% a P^ r tQ S^4-SbU 100 
found ~»^S 2lCch oo^rSatablysup- 
22 in the member 2^™° assem- 
ports a variable r cidence nozzje van^ ^ 
bly, shown generally at 31. *J rf 
^emtly firstly * 105 

aerofoil cb-W ^P»^ a ^ 
annular passageway 33, periphery 
interior of the inlet scroll MJ ^i^ffi 
of the turbine rotor 11. The asemgy me 
comprises » ^ which to 110 

vane part 32, the le «nan o{ w e 

the drawmg fonns part ot rn^ 

passageway 33. Pari -.3*° -joyided with 
romtable tottebore 22 md k pra 

a "fPJrtaS 5 S through U5 

and 38, sleeve membos ; 39a,d wo |^ ^ 

* ded w 4dTa d£ Kthe bore 22 and 
member 40 is a « 0 ^^ 37 and 38 are a 

^ TLifsleevSL : A lever member 

SSSsfe3r555 

r u «ri«>« eneasans with a pm « rr"" 



cumferentially equally spa^ »--r V,' 



880,903 



5 



41. The unison ring 43 is angularly displace- 
ablc about the axis of the turbine rotor by 
means of an actuator (not shown), such angu- 
lar displacement thus effecting variations in 
5 the incidence of the nozzle vanes 32. The 
actuator itself forms part of a conventional 
speed governing system. 

The left-hand face of each nozzle vane 32 
is arranged to be in engagement with an an- 
10 nular ring member 46 which is accommodated 
in an annular recess 47 provided in the left- 
hand wall of the passageway 33, that is, in 
the wall of the scroll part of the turbine 
casing. A small clearance 4fl is provided be- 
15 tween the outer diameter of the member 46 
and the outer diameter of the recess 47, while 
a small clearance 49 is also provided between 
the inner diameter of the member 46 and the 
inner diameter of the recess 47. At its inner 
20 diameter on its left-hand face the member 46 
is provided with a lip 50 which is turned in 
as shown to retain a large diameter Belleville 
washer 5 1 therewith. 
It is arranged that upon assembly when the 
25 nozzle vanes are not engaged with the mem- 
ber 46, but when the Belleville washer is cor- 
rectly seated as shown in the radially outer 
part of the recess, the member 46 stands 
0.025 inches proud into the passageway 33. 
30 When, however, the nozzles are fitted and 
engage the member 46, the member 46 is flush 
with the left-hand wall of passageway 33. 
Complete sealing at the tip and at the root of 
each nozzle vane is ensured, and by virtue of 
35 the limited movement of the member 46 which 
is permitted, distortion, to a relatively large 
extent, of the inlet scroll and/or of the vane 
assembly itself is accommodated, and thus nor- 
mal variation of incidence of the vanes can 
40 continue in an unrestricted manner. 

A number of passageways 52 place the in- 
terior of the inlet scroll in communication 
with the annular chamber 27 so that the nozzle 
vane adjusting means are all pressurised from 
45 the right-hand side in the drawing. In addi- 
tion vane entry pressure acts on part of the 
left-hand face of each member 34, on part of 
the right-hand face of the member 46, and by 
virtue of the clearance 48 on substantially the 
50 whole of the left-hand face of the member 46. 
It also acts on the total area of the right-hand 
face of the Belleville washer 51. The actual 
pressure acting on the remaining areas of the 
left-hand face of the members 34 and the 
55 right-band face of the member 46 is progres- 



sively less with movement across the vane by 
virtue of the pressure drop across the vane. 
In addition to- the lower pressure acting across 
these remaining areas and by virtue of the 
clearance 49, the lower pressure also acts on a 60 
large proportion of the left-hand face of the 
Belleville washer 51. 

The dimensions of the members 34, mem- 
bers 46, Belleville washer 51 and the effective 
area on the right-hand end of each nozzle 65 
actuating assembly together with the spring 
force in the Belleville washer are such that 
a resultant force of two pounds weight is 
exerted upon each nozzle assembly during 
normal operation, this force acting towards 70 
the left in the drawing, such that sealing at 
the tip of each vane is ensured. 

When the air turbine unit is inoperative i.e. 
with all the vanes closed as shown in dotted 
lines in Figure 2, the sealing means are such 75 
that even the smallest leakage of air is not 
permitted, and thus the turbine rotor remains 
stationary. 

In an alternative arrangement, not illus- 
trated, the Belleville washer 51 may be omit- 80 
ted, and instead, two resilient ring members 
interposed between the left-hand face of the 
annular ring member 46 and the recess 47, 
both the annular ring member and recess hav- 
ing suitable grooves to retain these resilient 85 
ring members. The resilient ring members are 
provided with sufficient resilience to maintain 
the annular ring member in contact with the 
tips of the nozzle vanes, and at the same time, 
form a satisfactory seal behind the annular 90 
ring member. 

The left-hand face of the annular ring 
member may be additionally pressurised 
through suitable passages placing this face in 
communication with the interior of the scroll 95 
part 18 of the turbine casing 16. 

Alternatively, the resilience of the resilient 
ring members may be supplemented by the in- 
corporation of suitable coil springs or the 
like, disposed between the annular ring mem- 100 
ber and the recess. 

In the case where non-resilient ring mem- 
bers are employed, such coil springs or the 
like may provide the sole resilient means, in 
which case the ring members serve as sealing 105 
rings only. 

BOULT, WADE & TENNANT, 
111 & 112, Hatton Garden, London, E.C1. 
Chartered Patent Agents. 
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